Background: The purpose of this study was to investigate longitudinal changes of the utilization of operational and surgical medical care inside and outside a metropolitan area over 10 years, analyzing the residential areas of patients and the locations of medical facilities for major cardiovascular surgery. Methods: Data analysis was conducted by classifying the addresses of patients and the locations of medical care facilities of metropolitan cities and provinces, using data from the National Health Insurance Corporation from January 2003 to December 2013. Results: There is serious concentration of major heart surgery to medical facilities in Seoul; this problem has not improved over time. There were differences in percentages of surgical procedures performed in the metropolitan areas according to major diseases. In the case of Busan and Daegu provinces, at least 50% of the patients underwent surgery in medical facilities in the city, but there are other regions where the percentage is less than 50%. In the case of provinces, the percentage of surgical procedures performed in medical facilities in Seoul or nearby metropolitan cities is very high. Conclusion: Policies to strengthen the regional capabilities of heart surgery and to secure human resources are required to mitigate the concentration of patients in the capital area. Many regional multi-centers must be designated to minimize unnecessary competition among regional university hospitals and activate a win-win partnership model for medical services.
Introduction
treatment cost also skyrocketed by 363.2%, from 1,493 billion won to 6,915 billion won [2] . The death rate, as well as the treatment volume and cost of disease, is rapidly increasing. To address this issue, the Korean government established and implemented the first comprehensive plan on CCVDs in 2006 [3] . The second and third schemes have been planned and will be implemented by 2016. Since 2008, 11 regional cardio-cerebrovascular centers (RCCs) have been under operation [4, 5] . The goal of the currently implemented RCCs include: (1) establish a system which provides treatment 3 hours within the occurrence of a CCVD case anywhere in Korea; (2) provide CCVD prevention management through community promotion activities; and (3) mitigate regional treatment gaps.
The major focus of the RCCs is on providing procedures in cardiology, neurology, and some neurosurgical operations, excluding regional support policies for cardiac surgery. To alleviate overconcentration of patients in the metropolitan areas, as well as to strengthen medical services in each region via a high-quality, multidisciplinary care approach, the Korean government established and is operating regional centers for various diseases: regional cancer centers by the comprehensive cancer strategy, regional respiratory disease centers, and regional rheumatoid arthritis disease centers.
The RCC does not offer surgery for heart and cerebrovascular diseases, so it is likely that a great share of patients who need these types of surgery still use hospitals in the metropolitan areas. Such a problem is unresolved in non-emergency surgery, in particular. The incumbent government policy to cover treatment cost for 4 major diseases has reduced the treatment-cost barrier, possibly failing to alleviate the overconcentration of patients with heart or cerebrovascular diseases in metropolitan hospitals [2] .
The concentrated use of hospitals in the metropolitan areas for surgery worsens the insufficient supply of heart surgeons outside those areas, causing a vicious cycle. This may lead to depletion of resources and decrease in capacity related to heart surgery in regional medical institutions. In addition, socioeconomic gaps among patients undergoing surgery in Seoul may compromise health equity. To that end, it is suggested to establish regional heart centers in the Gyeongsang, Jeolla, and Daegu provinces.
This study examined heart surgery performed in medical institutions inside and outside of metropolitan areas, based on data collected from the National Health Insurance Service (NHIS). The number of surgery performed in 17 cities and provinces was analyzed. Patients' travel status across different regions was analyzed based on their residential areas and location of the hospitals where they underwent surgery. Our results are intended to provide evidence for policy recommendations to foster regional resources and encourage the public's use of their local medical services.
Methods
Surgery data, collected from the NHIS between January 2003 and December 2013, were included in the analysis. Data for each surgery were extracted by surgery code or action code related with heart diseases. The data were classified by surgery name through expert meetings. To analyze heart surgery data, experts from different specialties reviewed the − S3 − codes by disease 3 times. Among 58 surgery codes, similar codes were combined. Less frequently occurring codes or codes that were difficult to analyze were excluded from the analysis. Finally, 6 main surgery codes were selected and data were extracted accordingly.
The data regarding medical service use were divided by region: Seoul and metropolitan areas or non-metropolitan areas. To do so, the data were analyzed by patients' residence address and the location of medical institutions in 17 cities and provinces. In case a patient's address code is consistent with the location code of the hospital, the patient was determined to have received surgery in the region. Otherwise, the patient was determined to have undergone surgery outside the region (Table 1) .
A chi-square analysis was performed based on the patients' residence address and the location of the medical institution. We created a table to analyze the medical use within and without the region in different areas. Moreover, we analyzed yearly operation status by region to examine the annual medical use status and graphed the results (Figs. 1-5 ).
Results

1) Coronary artery bypass
The volume and percentages of the use of coronary artery bypass by region between 2003 and 2013 were analyzed based on the patient's residence and location of the hospital. Among patients living in Seoul, 92.6% underwent surgery in a hospital located in Seoul. Among patients residing in Gyeonggi Province, 45.5% underwent surgery in a hospital in Gyeonggi Province, while 52.4% underwent surgery in a hospital in Seoul.
In other metropolitan cities, the percentages of patients who underwent surgery in the region of their residence ranged between 40. 0% In the metropolitan provinces, the percentage of patients who underwent the operation in the region of their residence was 53.4% in Jeonbuk, followed by 36.5% in Gyeongnam and 34.8% in Gyeonggi Province. The percentage was lowest in Jeonnam (2.3%) and Gyeongbuk (0.8%). The percentages of patients living in the metropolitan provinces undergoing surgery in Seoul were 71.5% in Gangwon, followed by 70.1% in Chungbuk, 69.9% in Jeju, and 65.9% in Chungnam. Patients residing in Jeonnam, Gyeongbuk, and Gyeongnam had high rates of using hospitals in the nearby metropolitan cities (Table 3) . 
3) Valvuloplasty
The volume and percentages of the use of valvuloplasty of a region between 2003 and 2013 were analyzed based on the patient's residence and location of the hospital. Among patients living in Seoul, 90.3% underwent procedures or surgery in Seoul. In comparison, among patients residing in Gyeonggi Province, 39.9% underwent surgery in the region, while 58.9% underwent surgery Seoul.
In other metropolitan cities, the percentages of patients who underwent the operation in the region of their residence ranged between 20.0% and 68.5%: 68.5%, in Daegu, 55.3% in Gwangju, 34.0% in Busan, 28.1% in Daejeon, 25.0% in Ulsan, and 20.0% in Incheon. In comparison, the percentages of patients Values are presented as number (%).
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Discussion
This study analyzed surgery status of patients who underwent cardiovascular surgery, based on the data on common cardiac surgery from NHIS from January 2003 to December 2013. During the 11 years, the overconcentration of patients in medical institutions in Seoul rarely showed any change in coronary artery bypass and aorta surgery. The concentrated use of hospitals in Seoul for simple congenital heart surgery and coronary artery procedures and surgery has decreased slightly. In contrast, for complex congenital heart surgery, the rate of surgery performed in Seoul has mildly increased.
Regarding the volume of surgery during the 11 years of the study period, 12,866 and 7,941 cases of coronary artery bypass and simple congenital heart surgery, respectively, were performed in Seoul for patients living outside the metropolitan area. The figure for coronary artery bypass exceeds the number of surgery cases performed for patients living in Seoul (9,259 cases) by 3,626 cases. The figure for simple congenital heart surgery outnumbers the quantity of surgery cases performed for patients living in Seoul (4,423 cases) by 3,518 cases. These results show that overconcentration of patients who had heart surgery in hospitals in Seoul is serious. Therefore, policy measures to address the issue should be developed immediately.
A similar problem occurs in other regions outside Seoul: patients in Gyeongnam, Gyeongbuk, and Jeonnam prefer to go to Busan, Daegu, and Gwangju for heart surgery. Policies to alleviate the situation both in Seoul and other metropolitan areas should be planned.
Results from a public survey [6] indicate that more than 90% of respondents agree with such a policy plan, and that public sentiment is favorable.
The Korean government employed a strategy to designate and run a single regional center in each area. However, that has caused unnecessary competition among comparable university hospitals in the same region. Moreover, the strategy failed to lead to mutually beneficial cooperation between the designated center and other university hospitals.
Such limitations have also revealed that the strategy failed to achieve its initial goal: alleviating overconcentration of patients in metropolitan cities by establishing a regional cooperative system and strengthening regional capacity in medical care. Moreover, cooperation in preventive programs, training programs, and promotion activities is weak among most regional centers, revealing limitations in gathering and organizing capabilities of the communities.
Furthermore, the decline in the number of residents and specialists in the thoracic surgery department-which performs heart surgery-is gaining momentum. In most regions, except for Seoul, human resources, facilities, and the equipment in a medical institution are subpar. Considering this situation, designation of a single regional center may not drastically enhance surgical performance of the region, possibly resulting in ineffective outcomes.
To address such challenges, we propose that the − S13 − government designate 3 or 4 centers in each region and facilitate the creation and operation of networks among them. This can minimize unnecessary competition among university hospitals in the region. Moreover, regional capacity for surgery would be enhanced and win-win cooperation among the medical institutions in selected services may occur. In particular, for less complex cardiac surgery, a policy is needed to designate metropolitan cities and provinces as a regional unit. For heart surgery with higher complexity, regional units should be the minimum units in deploying resources and implementing support strategies. This may be an answer to solve the overconcentration of cardiac patients in Seoul at national and regional levels. Furthermore, such a strategy would be effective in strengthening regional capacity for cardiac surgery.
In conclusion, based on the results of this study, we need to address the current overconcentration of cardiac patients in the capital city as well as some metropolitan cities at the national level. To that end, fostering the necessary human resources and expanding facilities by designating and operating heart centers are needed. Moreover, at the policy level, setting multiple regional centers instead of a single one is desired to improve regional capacity for cardiac surgery.
